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Abstract

Freezing is an effective way to preserve the quality of fruit and vegetable products and is widely used for the
production of quick-frozen foods, semi-finished products and ready-to-eat meals. However, the quality of frozen
products can undergo undesirable changes that can be prevented by pretreatment. The aim of the study was to
evaluate the effect of a polysaccharide coating of pectin solution of different concentrations on the physicochemical
properties of partially osmotically dehydrated frozen semi-finished apple products. Jonagold (Wilmuta) apples were
peeled, core removed, and cut into 20x20 mm slices, blanched in a 0.1 % citric acid solution at 85 °C for 2-5 min,
dried, and immersed in a pectin solution with a concentration of 1, 2, 3, 4, 5 %, followed by drying. The prepared
apple particles were kept for 30 min in a 30 % aqueous sucrose solution before freezing. Uncoated apple particles
were used as a control. The apples were frozen in bulk at minus 30 * 1°C, packed in plastic film bags, and stored for
6 months at minus 18+1 °C. The application of a food coating from a pectin solution to apple semi-finished products
before partial osmotic dehydration and freezing inhibited the increase in dry soluble substances during dehydration
by 1.4-2.0 %. The cryoresistance of the semi-finished product samples was recorded at 87.9-95.8 %, with an increase
in the values of the studied indicator by 0.8-7.9 % in the coated samples. The use of a food coating made of a pectin
solution contributed to a decrease in product weight loss during freezing by 0.2-1.1 % and dry soluble substances by
0.2-0.4 %. The presence of the food coating had a positive effect on the appearance and consistency of the semi-
finished products. Semi-finished products with food coating in a pectin solution of 5 % concentration were of better
quality.
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IHHOBALIIMHI TEXHOJIOTTi 3AMOPOXKEHUX HAINNIB®ABPUKATIB I3 AIBJIYK
3HUKEHOI EHEPTETUYHOI IIHHOCTI

Ipuna JI. 3aMopcbka
Ymancokuil HayioHasHUll yHigepcumem cadieHuymaa, 8y, [ncmumymcewvka,1, Ymans, 20305, Ykpaina

AHoTalis

3amMopoXyBaHHS € e(eKTHBHHM CIOCOG0M 36epekeHHs SKOCTi IJIOAO0OBOYeBOI MNPOAYKLii Ta IIMPOKO
BUKOPHMCTOBYEThCA /I BAPOGHUIITBA IIBU/JK03aMOPOKEeHUX NPOAYKTiB, HaniBga6pHuKaTiB i roToBUX cTpaB. OAHAK
AKiCTh 3aMOpOXKeHOi NpoAyKnii Mo)ke 3a3HaBaTH He6a)KaHUX 3MiH, 3amo6irTMm fAKUM MOXHa 3a J0NOMOro
nonepejHboi 06po6ku. MeTa poGOTH MoJisAraja B OLiHIOBaHHI BIUIMBY NOJiCaXapUAHOr0 NMOKPUTTA 3 PO3YMHY
NeKTHHY pi3HOi KOHIeHTpalii Ha ¢i3uKo-XiMiyHi BJ1aCTUBOCTiI YaCTKOBO OCMOTHYHO JA€eTiJpaTOBaAaHUX 3aMOPOXKEHUX
HaniBga6puKarTiB 3 A6JyK. f6ayka copty JkoHaroug (BisiMyra) ouninyBaau Bif MIKipKU, BUAA/ISIU CePIieBUHY Ta
pi3aju Ha YaCTMHKM po3MipoM 20x20 MM, 6;1aHmyBau y 0.1% po3ymHi JTUMOHHOI KUCJI0TH 3a TeMnepaTtypu 85 °C
BIPOAOBXK 2-5 XB, MiACylIyBa/Ii Ta 3aHYPIOBa/IM Y PO34YMH NEKTHHY 3 KOHIeHTpaniew 1, 2, 3, 4, 5 % 3 HaCTyIHUM
nigcymyBaHHAM. [1iAroToB/IeHi YaCTUHKM S16/IyK epej, 3aMOPO0KyBaHHSM BUTPUMYBaJu BpoAoBx 30 xBy 30 %-my
BOJHOMY PO34HMHi caxapo3u. 3a KOHTPOJIb NpMHMaJu YaCTUHKHU AGIAYK 6e3 MOKpUTTA. fGayka 3aMOpoKyBajau
po3cumnoM 3a Temnepatypu -30 * 1 °C, pacyBa/im y nakeTHy 3 NoJiieTUJI€eHOBOI IUIIBKU i 36epira/ii BOpoAOBK 6-TU
micauiB 3a Temnepatypu -18 + 1°C. HaHeceHHs1 XapuOBOro NOKPUTTA 3 PO3YUHY NEKTUHY Ha HamiBdabpukaTu 3
AGJIyK mepej, 4aCTKOBOI0 OCMOTHYHOIO JeripaTaini€o Ta 3aMOpPOXKYBaHHSM rajibMyBaJ/I0 NPUPICT B HUX CyXHUX
PO3YMHHHMX Pe4YOBHH BIPOAOBXK Aeriapartanii Ha 1.4-2.0 %. Kpiope3sucreHTHicTh 3pa3kiB HamiBpaGpuKaTiB
3adikcoBaHa Ha piBHi 87.9-95.8 %, 3a nmigBUIleHHA 3Ha4YeHb JOCIiAKyBaHOro NoKasHUKa Ha 0.8-7.9 % y 3paskax 3
MOKPUTTAM. 3aCTOCYBaHHSI Xap4YOBOro NOKPUTTHA 3 NEKTHHOBOIO PO3YMHY CIPHUSJIO0 3HUKEHHI0 BTpaT MacH
NpoAyKIii mij yac 3aMopoKyBaHHA Ha 0.2-1.1 % Ta CyXuX pO3YMHHHUX Pe40oBHUH - Ha 0.2-0.4 %. HaAaBHicTb Xap4oBoOro
NOKPUTTA CHIPAaBUJIO NO3UTUBHUM BIJIMB HA 30BHIIIHINA BUIJIAJ Ta KOHCUCTEeHIi10 HaniB¢a6pukaTiB. Kpamoi akocri
oTpuMaHi HaniBpaGpuKaTH 3 XapuOBUM NOKPHUTTSAM y PO34MHi NEKTHUHY 5 %-B0oi KOHIleHTpalji.

Kiro4oBi cyioBa: icTiBHe NOKPUTTS; OCMOTHUYHA JerifpaTalisi; 3aM0opoXKyBaHHS; HaniB$abpuKaTy; AKiCTb
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Introduction

Fruits and vegetables play an important role in
a healthy diet and are high on the list of consumer
priorities. The World Health Organization
recommends a daily intake of 400 g of fruit and
vegetables per day [1], while the actual
consumption of fruits and vegetables in Ukraine
does not exceed 50 % of the physiological norms
[2].

Despite the wundeniable health benefits,
maintaining quality, extending shelf life and
ensuring microbiological safety of such perishable
products is an important task. At the same time,
changes in consumer behavior and tastes with an
emphasis on leading a healthy lifestyle with
reduced calories and increased dietary fiber

consumption encourage the search for
innovations in food production that are
harmonized with the requirements and

expectations of consumers [3].

An effective way to preserve the quality of fruit
and vegetable products is to use freezing with the
expansion of the range of quick-frozen products,
semi-finished products and ready-to-eat meals
[4]. Freezing inhibits the growth of pathogenic
microflora and the passage of undesirable
chemical reactions that cause food spoilage [5-7].
However, the quality of frozen products can
change under the influence of low temperatures,
causing changes in consistency, color and
increased losses of chemical composition
components [8]. Pre-treatment of products before
freezing prevents undesirable changes in product
quality.

Partial loss of moisture from plant tissues by
immersion in a hypertonic (osmotic) solution is
used in the food industry as a method of
pretreatment of raw materials [8]. Dehydration is
caused by the difference in the chemical potential
of water between the product and the osmotic
medium. During dehydration, multidirectional
mass transfer occurs due to the transfer of water
from the material to the osmotic solution, and at
the same time the penetration of the osmotic
substance into the dehydrated tissue. Low
molecular weight substances, such as vitamins,
organic acids, saccharides, or mineral salts, are
washed out of the tissue [9]. Solutions of

monosaccharides (glucose, fructose),
disaccharides (sucrose, maltose), polysaccharides
(starch), inorganic salts (sodium chloride,

potassium chloride) and high molecular weight
osmotic agents (maltodextrin, gelatin, albumin,
polypeptides, corn syrup and glycerin) can be
used as osmotic agents in the dehydration process

[10]. Sucrose is the most popular osmotic agent
[11;12].

The result of osmotic dehydration is the
creation of food products with intermediate
humidity with reduced water activity, which
significantly inhibits chemical, biological and
physical processes that cause food spoilage,
thereby extending their shelf life [13], reducing
the load on freezing without causing changes in
product consistency [14]. In addition, the process
of osmotic dehydration is used as a method of
enriching fruits with healthy substances [15]. For
example, the positive effect of osmotic
dehydration in solutions of sucrose, glucose and
maltose [16; 17], maltose and isomalt
oligosaccharides [18], fructose [19] on the quality
of sliced apples, including frozen ones [20], has
been proven.

Despite the positive effect on product quality,
scientists report a significant increase in sugar in
fruits and berries during osmotic dehydration in
sucrose solutions [21]. Instead, consumers prefer
food products with reduced sugar content due to
its negative impact on health [22]. In addition, it
has been proven that under certain conditions of
osmotic dehydration, significant amounts of
solute absorption and greater changes in the
components of the chemical composition of fruits
and berries can negatively affect the sensory and
nutritional properties of products, especially
when exposed to high temperatures and long
processing times [23].

An effective method of preventing sugar
increase in products and improving their quality is
the use of barrier technologies and combined
methods with coating. Coatings have not only
barrier properties against external influences, but
are also used as carriers of food additives for
antimicrobial =~ protection,  improving the
appearance, consistency and taste of products.
Edible coatings are developed using biobased
polymers such as starches, proteins, lipids, gums
or cellulose derivatives, which are made from
various agricultural products. The main
characteristics of coatings are edibility,
biocompatibility, and barrier properties [24].

The effectiveness of edible barrier coatings has
also been studied in osmotic dehydration
processes in order to prevent the penetration of
dissolved substances into raw materials while
maintaining the rate of moisture removal [25]. For
example, the study of the application of a
combined edible coating (alginate and pectin) and
the process of osmotic dehydration in a glucose
solution at 40 °Brix and 60 °Brix on the quality of
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pear cubes showed higher values of moisture loss
and lower rates of increase in the level of dry
soluble substances than in uncoated samples [26].
Edible coatings made of corn starch have been
shown to significantly reduce the absorption of
dry soluble substances during the dehydration
process of sliced carrots [27].

Mohammadkhani M., Koocheki A., Mohebbi M.
[28] reported that the use of Lepidium
perfoliatum gum seeds as a coating improved the
properties of osmotically dehydrated apples.
According to Rodriguez A. Soteras M,
Campafione L. [29], the application of edible
coatings (sodium alginate and low methoxyl
pectin) resulted in greater strength and stiffness
of pear dice as a result of osmotic dehydration.

It was found that quince pieces coated with
guar gum had a lower content of dry soluble
substances than uncoated samples, and its
decrease was observed with an increase in the
concentration of guar gum from 0.05 % to 0.15 %
[30].

According to Jalaee F., Fazeli A., Fatemian H.,
Tavakolipour H. [31], coatings of carboxylmethyl
cellulose, low-methoxylated pectin, and corn
starch on apple samples helped to reduce the
increase in dry soluble solids without significantly
affecting the release of moisture.

Improving the technology of frozen semi-
finished products from fruits and berries with
reduced energy value and improved organoleptic
properties will help to meet consumer needs. The
use of a polysaccharide coating as a barrier to
inhibit sucrose growth will reduce the sugar
content of frozen fruit and berry products and
expand the range of products with functional
properties.

The aim of our work was to evaluate the effect
of a polysaccharide coating made from a pectin
solution of different concentrations on the
physicochemical  properties  of  partially
osmotically dehydrated frozen semi-finished
apple products.

Experimental part

The study was conducted with apples of the
Jonagold variety (Wilmuta). Apples were peeled,
core removed, and cut into 20x 20 mm slices. The
sliced apples were blanched in a 0.1 % citric acid
solution at 85°C for 2-5 minutes to prevent
darkening of the product, followed by air drying.
To make the coating, low-methoxylated citrus
pectin was dissolved in distilled water to obtain
solutions with a concentration of 1, 2, 3, 4, 5 %.
The prepared apple particles were immersed in

the pectin solution and then dried to remove
excess solution. The coated apple particles were
kept for 30 min in a 30 % aqueous sucrose
solution before freezing. Uncoated apple particles
were used as a control.

The partially osmotically dehydrated apple
particles were frozen in bulk at minus 30+1 °C,
packed in 0.5 kg plastic film bags intended for food
packaging, and stored for 6 months at minus
18+1 °C.

In semi-finished products, cryoresistance was
determined by the difference in the mass of frozen
and defrosted product samples, and mass loss was
determined by the difference in the mass of a fixed
sample before and after freezing and expressed as
a percentage. The increase in dry soluble
substances was calculated by the difference in
their content before and after partial osmotic
dehydration. The values of the studied parameters
were recorded after freezing, three and six months
of storage. The experiment was repeated three
times.

Results and discussion

The study revealed a statistically significant
effect of coating with pectin solution on the
increase of dry soluble substances in apple
particles due to partial osmotic dehydration in

sucrose solution (Fig. 1).
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Fig. 1. The content of dry soluble substances in fresh and
partially osmotically dehydrated semi-finished apple
products depending on the concentration of pectin
solution, %

Apples of the Jonagold variety (Wilmuta)
accumulated 14.6% of dry soluble solids.
According to the averaged data, as a result of
partial osmotic dehydration, the value of the
studied indicator increased by 1.1-2.6 % with a
minimal increase in apple particles coated with a
5% pectin solution, which is 1.5% lower
compared to the uncoated sample. The data
obtained are explained by the formation of a film
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on the surface of apple samples that has barrier
properties to the penetration of sucrose solution
into the product.

The ability of frozen fruit and vegetable
products to retain moisture is characterized by the
cryoresistance index, which depends on the
anatomical structure of the raw material tissues
and the content of dry matter in it.

The cryoresistance of the studied apple
samples was recorded at the level of 87.9-95.8 %,
with a maximum value of the studied indicator in
the sample coated in a 5 % pectin solution, which
was 7.9 % higher than the value of the control
variant of the experiment (Fig. 2).

The application of the food coating resulted in
an increase in the cryoresistance of the products
by 0.8-7.9 %. A significant dependence of the
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values of the studied indicator on the
concentration of the pectin solution before
freezing was found: an increase in the
concentration of the solution contributed to better
moisture retention by the defrosted products,
which is due to the barrier properties of the film
on the surface of the product.

During the six months of storage in the frozen
state, the value of the cryoresistance index of
frozen products gradually decreased and by the
end of this period amounted to 82.4-91.4 %,
depending on the experimental variant, with a
minimum value in the control after six months of
storage. Semi-finished products treated in a pectin
solution with a concentration of 5 % retained high
values of the studied index.
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Fig. 2. Cryoresistance of partially osmotically dehydrated frozen semi-finished products from apples depending on:
a - concentration of pectin solution, b - storage time, % (results of dispersion analysis)

Studies of weight loss of partially osmotically
dehydrated frozen semi-finished apple products
due to freezing and storage show significant
differences in the wvalues of this indicator
depending on the concentration of the pectin
solution and long-term storage (Fig. 3).

As a result of freezing, partially osmotically
dehydrated semi-finished apple products lost 1.2-
2.3 % of their weight, with the highestlosses in the
control. The use of a food coating made of pectin
solution significantly reduced losses by 0.2-1.1 %,
depending on the concentration of the pectin
solution. During the six months of storage of apple
semi-finished products in plastic film bags, weight
losses amounted to 0.5-0.6 % and did not differ
statistically.

According to the results of dispersion analysis,
the content of dry soluble substances in frozen
apple semi-finished products significantly
depended on the concentration of pectin solution
and storage time (Fig. 4). As a result of freezing,
the content of dry soluble substances in semi-
finished products decreased by 0.4-0.6 % with
significant changes in the control. The use of
coatings of different concentrations reduced
losses by 0.2-0.4 %. During the long-term storage
of apple semi-finished products, the content of dry
soluble substances in them gradually decreased
due to the recrystallization of moisture and by the
end of the storage period reached the level of
15.0-16.2 %.
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Fig. 3. Weight loss of partially osmotically dehydrated frozen semi-finished apple products depending on: a -
concentration of pectin solution, b - storage time, % (results of dispersion analysis)
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Fig. 4. The content of dry soluble substances of partially osmotically dehydrated frozen semi-finished products from
apples as a function of: a - concentration of pectin solution, b - storage time, % (results of dispersion analysis)

In order to objectively determine the optimal
values of cryoresistance for frozen semi-finished
apple products, the method of estimating the
predicted values and constructing a desirability
function by weight loss and pectin solution
concentration was used (Fig. 5). The minimum
permissible value of cryoresistance was set at
88 % and the maximum at 95 %.

According to the results obtained, in order to
maintain the cryo-resistance of frozen semi-
finished apple products at 90.7 % with a weight

loss not exceeding 1.87 %, the concentration of the
pectin solution for coating semi-finished products
should be at least 2.5%. In this case, the
requirements set for the model are met by 64 %.

The tasting of partially osmotically dehydrated
frozen semi-finished products from food-coated
apples in a pectin solution showed significant
differences between the experimental variants
depending on the concentration of the pectin
solution (Fig. 6).
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depending on weight loss and concentration of pectin solution

lower scores were obtained for the taste indicator
- the excess compared to the control was
0.9 points. However, the color and aroma of the
products were not affected by the coating.

The food-grade polysaccharide coating had a
positive effect on the appearance and consistency
of the semi-finished products, which were rated
1.6-1.8 points higher than the control. Somewhat
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Fig. 6. Organoleptic evaluation of partially osmotically dehydrated frozen semi-finished apple products: a -
appearance, b - consistency, c - color, d - taste, i - aroma

According to the results of the tasting, the
maximum score for all organolepticindicators was
obtained for semi-finished products with food
coating in a pectin solution 5 % concentration -
4.2-4.8 points.

Conclusions

The obtained results allow us to conclude that
the application of a food coating from a pectin
solution to apple semi-finished products before
partial osmotic dehydration and freezing inhibits
the increase in dry soluble substances during
dehydration by 1.4-2.0 % compared to uncoated
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